High temporal resolution temperature measurements were analysed for 5 neighbouring lakes in the English Lake District to assess how the diel range in epilimnetic temperature varied among the lakes. These lakes experience the same climate but differ morphometrically, allowing lake-specific drivers of diel variability to be determined. The magnitude of the diel temperature cycle was calculated as the difference between the measured maximum and minimum daily epilimnetic temperature. Our analysis demonstrated that the magnitude of the diel temperature cycle was primarily influenced by the depth of the upper mixed layer. The magnitude of the diel temperature cycle was lowest for the largest lake, Windermere South Basin, which varied by approximately half that of the smallest lake, Blelham Tarn. A significant correlation between the diel temperature range and lake area was observed in the summer months caused by the larger lakes typically experiencing higher wind speeds, which in turn lead to greater mixing depths and thus to a lower diel temperature range. Water temperature has a major effect on lake biology and biogeochemistry, so it is important to recognise its variability in different lake types.
Introduction
Epilimnetic temperature is a key variable in any lacustrine system. It is influenced by a number of meteorological factors such as air temperature, incident short-wave radiation, relative humidity, and wind speed, as well as lake morphology (Edmundson and Mazumder 2002) and the surrounding topography (France 1997) . Epilimnetic temperature is the primary physical response of a lake to the climate (Livingstone et al. 2005) and plays an important role in several physical processes within lakes, such as the onset, duration, and breakdown of thermal stratification. These, in turn, influence the role of lakes in the global carbon cycle by affecting metabolism (Staehr et al. 2010 ) and the flux of gases between the lake and the atmosphere (Coloso et al. 2011) . Similarly, epilimnetic temperature directly affects several chemical and biological processes, including the solubility of dissolved oxygen (Kumar 2003) , species distribution (Magnuson et al. 1979) , and the growth rates of phytoplankton (Staehr and Sand-Jensen 2006) and fish (Christie and Regier 1988) . Temperature measurements can also be used to understand wind-related upwelling events (Mortimer 1952) , surface water transport patterns (Strub and Powell 1986) , and aid in improving numerical weather prediction models at regional scales (Rooney and Jones 2010) .
Recent investigations have demonstrated that epilimnetic temperature can respond coherently to climate forcing (e.g., Benson et al. 2000, Livingstone and Dokulil 2001) or large-scale processes such as the position of the jet stream (Strong and Maberly 2011) , thus allowing epilimnetic temperature to be modelled empirically from frequently measured meteorological variables. Of the main meteorological variables, air temperature is the most spatially coherent (Jones et al. 1997) , and, despite the apparent weakness of the direct causal connection, strong links have been established between air temperature and epilimnetic temperature (Kettle et al. 2004 ) at both short and long timescales (McCombie 1959, Livingstone and Lotter 1998) .
Until recently, most studies of coherence in epilimnetic temperature have used routine monitoring data, at best monthly (e.g., Benson et al. 2000) or weekly (e.g., George et al. 2000) resolution. Although sufficient to identify seasonal patterns (e.g., Winder and Cloern 2010) , low temporal resolution data cannot be used to gain information on the processes driving many key aspects of lake function, where the ecosystem can be altered by short-term, meteorologically driven physical disturbances (e.g., Maberly 1996) . With the recent developments in aquatic sensor technology (Porter et al. 2009 ), however, high-resolution temperature measurements are now common, and the use of high-resolution data to examine coherence in lake temperature has begun Kernan 2009, Livingstone et al. 2010) . As yet, however, coherence on diel timescales has not been investigated. A precursor to studying diel coherence is to understand the influence of morphometry on diel variability.
The variability in lake temperature at diel timescales is a well-understood phenomenon, both experimentally and theoretically (Imberger 1985 , Spigel et al. 1986 . Less is known, however, on how the diel variability varies among lakes and how lake morphology may influence its magnitude. The magnitude of the diel temperature cycle has been shown, for example, to be influenced by the depth of the upper mixed layer and the amount of heating or cooling taking place over 24 hours (Woolway et al. 2014 ). These factors have been shown to influence many aspects of lake ecology, including influencing benthic communities in near-shore regions (Finlay et al. 2001) , affecting the structure of the food web by altering species morbidity and water column productivity and affecting productivity and growth rates of zooplankton and fish (Cox and Coutant 1981) .
In this study we compared the diel variability in highresolution epilimnetic temperature measurements from 5 lakes in the English Lake District that vary in surface area, mean and maximum depth, and mixing status. Four of the 5 lakes (Blelham Tarn, Esthwaite Water, Loweswater, and Windermere South Basin) are typically monomictic and one is polymictic (Bassenthwaite Lake). These lakes are among the best-studied in the world (Talling 1999) , with seminal work on the response of different aspects of lake structure and function to temperature (e.g., Frempong 1983 , Reynolds 1984 , Butterwick et al. 2005 . Responses of phytoplankton to temperature have been incorporated into process-based models to forecast phytoplankton dynamics (Elliott et al. 2010) , and temperature responses of phytoplankton have recently been reviewed by Talling (2012) .
Study sites
Our study sites encompassed 5 lakes situated in the English Lake District, UK, ranging in surface area from 0.1 to 6.7 km 2 and maximum depths from 14.5 to 42.0 m ( Table 1) . The lakes are monitored by the Centre for Ecology & Hydrology, and 4 of the 5 lakes are part of the United Kingdom Lake Ecological Observatory Network (UKLEON). Bathymetric data for Blelham Tarn, Bassenthwaite Lake, Loweswater, and Windermere South Basin were taken from Ramsbottom (1976) and for Esthwaite Water from Mackay et al. (2012) .
Methods
Water temperature profiles were recorded by an Automatic Water Quality Monitoring Station (AWQMS) located at the deepest point on each lake with 12 stainless-steel sheathed platinum resistance thermometers accurate to within 0.1 °C. Epilimnetic temperature measurements were measured ~1 m below the water surface. Meteorological conditions above the lake were also recorded by the AWQMS with varying degrees of accuracy. Specifically, relative humidity was measured with an accuracy of ±3%; wind speed was measured with an accuracy of 1% for wind speeds >10. ; air temperature had a relative accuracy of ±0.35 °C; and incoming short-wave radiation was measured with a relative accuracy of 5% (for height of each of the meteorological measurements see Table 1 ). Data were recorded using a Campbell Scientific CR10X data logger at 4-minute intervals, except from Esthwaite Water where meteorological conditions were recorded at 2-minute intervals. Hourly averages were computed from the high-resolution data. The magnitude of the diel temperature range was determined as the difference between the maximum and minimum daily temperature measurements.
Heating of the upper mixed layer
The amount of surface heating, which influences the upper mixed layer, Q zmix , was estimated as Q zmix = Q tot − [R 0 e (−Kd × zmix) ], where Q tot is the sum of surface fluxes (W m −2 ); R 0 e (−Kd × zmix) expresses the amount of energy that reaches the base of the upper mixed layer according to Beer's law, where R 0 is the visible component of short-wave radiation commonly referred to as the photosynthetically active radiation (PAR); K d is the vertical attenuation coefficient for PAR (m −1 ); and z mix is the depth of the upper mixed layer (m). The depth of the upper mixed layer was defined as the first depth where the temperature difference was estimated to be >0.2 °C A comparison of the diel variability in epilimnetic temperature for five lakes in the English Lake District
Inland Waters (2015) 5, pp. [139] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] [150] [151] [152] [153] [154] relative to the surface temperature located at 1 m (Thompson 1976) . In this investigation we focused on monthly averaged values and so have kept the mixed depth definition fixed through the year rather than adjusting it in an effort to avoid temporary features. Other studies (Read et al. 2011 , Sadro et al. 2011 , Pernica et al. 2014 ) have discussed in some detail problems and alternative approaches for investigating mixed layer depths using high-frequency data.
The sum of surface fluxes, Q tot , was calculated as ). Net incoming short-wave radiation was estimated as Q sin = Q s (1 − α sw ), where Q s is the short-wave radiation measured at the lake surface (W m −2 ), and α sw is the short-wave albedo, estimated from Fresnel's Equation as:
where R is the angle of refraction calculated from Snell's law as:
η = 1.33 is the index of refraction (Kirk 1994) and Z is the solar zenith angle calculated as a function of latitude (φ), solar declination (δ) and the hour angle (H) as: 
where DOY is the day of year (e.g., 10 Jan = 10), t noon is the local solar noon, and t is local solar time.
Incoming long-wave radiation, Q lin , was estimated following Crawford and Duchon (1999) , as
where m is the numerical month (e.g., January = 1); T zk is air temperature in Kelvin; e z is the vapour pressure of the air (hPa), estimated based on the saturation vapour pressure of the air (Lowe 1977) ; and σ = 5.67 × 10 -8 W m −2 K −4 is the Stefan-Boltzmann constant. The cloud cover fraction (clf ) was estimated as clf = 1 -s, where s is the ratio of the measured short-wave radiation (i.e., Q s ) to the clear-sky short-wave radiation. Clear-sky short-wave radiation was estimated following the methods of Meyers and Dale (1983) , as shown in detail by Crawford and Duchon (1999) . Because this calculation is based on the ratio of clear-sky and measured short-wave radiation, however, incoming long-wave radiation cannot be calculated at night. In this investigation, we estimated night-time incoming long-wave radiation based on the daytime averages of the cloud cover fraction; therefore, the night-time incoming long-wave radiation is calculated as a function of air temperature, water vapour, and the daytime average cloud cover fraction. This adds an additional source of uncertainty in these estimates, but compared to other incoming long-wave formulae (e.g., Gill 1982) , which are daily averages, this method has been shown to provide a more accurate representation of incoming long-wave radiation (Crawford and Duchon 1999) and thus has been used in recent limnological investigations (e.g., Jakkila et al. 2009 , Read et al. 2012 . Outgoing long-wave radiation, Q lout , was estimated as Q lout = ε w σT 0K 4 , where ε w = 0.972 (Davies et al. 1971 ) is the emissivity of water and T 0K is the surface water temperature in Kelvin. wind speed at a height of 10 m, u 10 , was also estimated following the methods outlined in Zeng et al. (1998) , correcting for the stability of the atmospheric boundary layer and the measurement height. PAR was estimated as 42% of the incoming short-wave radiation, R 0 = 0.42 × Q sin , which expresses R 0 in energy units (i.e., W m −2
). The percentage of spectral energy confined within the visible part of the spectrum (i.e., PAR 0.4 to 0.7 μm) was estimated by calculating the ratio of spectral energy within the visible range to that of the entire spectra, which was estimated following Gueymard et al. (2002) . The attenuation coefficient, K d , for the ultraviolet range (0.1 and 0.4 μm) was estimated using values in Olesen and Maberly (2001) and following Jellison and Melack (1993) for the infrared range (0.7 to 2.4 μm). Wavelength bands not included in Jellison and Melack (1993) , however, were determined by linear interpolation. Only a tiny percentage of ultraviolet and infrared radiation penetrated beneath a depth of 1.5 m (Table 2) , which is the minimum hourly averaged, upper mixed layer depth calculated for these lakes. The percentage of short-wave radiation that penetrates beneath the upper mixed layer can, therefore, be approximated solely as a function of PAR.
The vertical attenuation coefficient, K d , for PAR was calculated from depth-profiles using a cosine-corrected sensor (Li-Cor Li-A92SA) and compared to contemporaThe latent, Q e , and sensible, Q h , heat fluxes were calculated ), where λ (= 0.622) is the ratio of the molecular weights for dry and moist air; e sat is the saturated vapour pressure (hPa), calculated as e sat = 6.11{exp[17.27T 0 /(237.3 + T 0 )]}; q z = λe z / p is the specific humidity of the air (kg kg −1 ) at height z q (m) above the water surface, where e z = R h e s /100, where R h is the relative humidity (%); and e s = 6.11{exp[17.27T z /(237.3 + T z )]} is the saturated vapour pressure (hPa) at z t . The transfer coefficients for latent (C e z ) and sensible (C h z ) heat were calculated following Zeng et al. (1998) , correcting for the stability of the atmospheric boundary layer. Here, C e z and C h z are transfer coefficients for heights z q and z t , respectively. The Table 2 . Proportion of different wavelengths to the total energy distribution at the earth's surface calculated from Gueymard et al. (2002) . Extinction coefficients for visible light were estimated as a function of Secchi depth and are shown in Table 1 for the individual lakes. Extinction coefficients for Ultraviolet and Infrared radiation were estimated following Olesen and Maberly (2001) and Jellison and Melack (1993) , respectively. neous readings of Secchi depth. A total of 67 measurements were made over a year, approximately fortnightly, at 3 Cumbrian lakes (Esthwaite Water, Bassenthwaite Lake and Derwent Water), which had contrasting optical properties. Secchi depth ranged between 1.5 and 7.0 m, which covered the range of Secchi depths measured here.
The best fit to the data was produced using K d = 1.75/ Secchi depth (adjusted r 2 = 0.85, P < 0.001), and this produced an average difference between measured and estimated K d of between 0.03 and 0.06 m −1 for the 3 lakes. Individual fits to each lake were not significantly better than the fit for all 3 lakes combined. Monthly values of K d were subsequently calculated for all 5 lakes using this relationship with fortnightly Secchi depth measurements.
Results
While 4 of the 5 lakes are typically monomictic (Blelham Tarn, Esthwaite Water, Loweswater, and Windermere South Basin), the thermal structure of the water column varied greatly among the lakes (Fig. 1) . For example, all of the lakes became thermally stratified on approximately DOY 80, but the breakdown of thermal stratification varied considerably among the lakes. Furthermore, the polymictic lake, Bassenthwaite Lake, experienced a number of transient stratification events, as shown by the vertical displacement of the upper mixed layer, which occasionally reached the maximum lake depth during summer (Fig. 1) . The depth of the upper mixed layer varied considerably among the lakes. For example, during June the monthly averaged depth of the upper mixed layer varied from a minimum of 2.7 m for Blelham Tarn to a maximum of 5.7 m for Bassenthwaite Lake.
In 2009, using Loweswater as an example, air temperature had a clear and expected seasonal cycle (Fig. 2a) , varying from, on average, <5 °C in winter to >15 °C in summer. Epilimnetic temperature, similar to air temperature, followed a typical annual pattern, being high in summer and low in winter (Fig. 2a) . Relative humidity was continuously high, averaging 80% with humidity in summer typically lower than in winter (Fig. 2b) . Incoming short-wave radiation was highly variable at the seasonal timescale (Fig. 2c) . Specifically, the variability in incoming short-wave radiation was consistently <50 W m −2 during winter and consistently >200 W m −2 during summer. Maximum daily averaged incoming short-wave radiation, however, was much greater, reaching 340 W m −2 in mid-June, corresponding to the summer solstice. The annually averaged wind speed was about 3 m s −1 with a relatively weak seasonal pattern (Fig. 2d) . For example, daily averaged wind speeds were marginally lower in summer (Jun-Aug) than in winter (Dec-Feb). Also, maximum wind speed was higher in winter than in summer, and high wind speeds were less an annual average, incoming long-wave radiation was ~40 W m −2 lower than the outgoing long-wave radiation (Fig. 3b) .
As expected, due to low air temperatures in winter, sensible heat fluxes are negative, meaning the lake is warming the air (Fig. 3c) . Beginning in spring and continuing into autumn, sensible heat fluxes transition to being more often positive, with the air warming the lake. Despite these trends, sensible heat fluxes occasionally changed sign. In autumn, as air temperatures dropped relative to the water surface, the sign changed again. Similar to the sensible heat flux, the latent heat flux varied frequent in summer. The meteorological data for the remaining 4 lakes were similarly variable over short and seasonal time scales (data not shown).
There was a recognisable seasonal cycle among the majority of the heat flux components as well as the total surface heat flux in Loweswater. The net incoming short-wave radiation was highly variable (Fig. 3a) , differing most from the measured short-wave radiation during winter, caused by the increase in short-wave albedo during these months. For example, the calculated albedo varied from a minimum daytime value of 0.02 in summer to a minimum daytime value of 0.30 in winter. As considerably through the year, owing to the variability in the humidity gradient at the air-water interface. The main meteorological driver influencing the latent heat flux is specific humidity, which is a function of relative humidity. Therefore, because relative humidity is higher during winter, leading to a decrease in the humidity gradient at the air-water interface, the exchange of latent heat is much lower. Similarly, because the humidity gradient is higher during summer, the latent heat flux is higher. Latent heating is often a cooling term but can be a heating term during dew formation, which often occurs during the early morning. Of the 2 turbulent fluxes, the latent heat flux was the largest in Loweswater, being ~15 W m −2 larger on average (annual average). There was a clear seasonal cycle in the total surface heat flux that was predominantly negative (i.e., cooling) in winter and positive (i.e., heating) in summer (Fig. 3d) . The heat flux terms calculated for the remaining 4 lakes were similarly variable over short and seasonal time scales (data not shown).
To compare surface heating patterns among the 5 lakes, the monthly averaged values were calculated. By using these monthly averages, the amount of heating influencing the upper mixed layer was shown to be similar in magnitude among the lakes and followed the same seasonal cycle (Fig. 4a) . The monthly averaged wind speed estimated at a height of 10 m above the lake surface, however, varied considerably among the 5 lakes, being largest for Bassenthwaite Lake and lowest for Blelham Tarn (Fig. 4b) . Similarly, the monthly averaged depth of the upper mixed layer was characteristically different between the lakes (Fig. 4c) . During the stratified period, lakes with higher wind speeds had deeper mixed layers.
With their weak stratification in winter and their stronger stratification in summer, we anticipated that the effects of heating and cooling would be distributed over deeper depths in winter and shallower depths in summer, causing a larger range of diel temperature variability in summer. We further expected that this effect would be reinforced by the greater heating in summer. Calculated diel temperature ranges were in agreement with our expectations, with a minimum diel range of 0.08 °C in January and a maximum diel range of 1.6 °C in June (Fig. 5a ). This effect was further moderated by lake size. For example, in comparison to Blelham Tarn, the smallest lake in the study, the other lakes had reduced diel temperature cycles (Fig. 5b) . The magnitude of the monthly averaged diel temperature ranges in Windermere South Basin, for example, varied by just over half of that in Blelham Tarn. Although the monthly averaged diel cycle was always <2 °C, diel cycles on individual days could be substantially larger than this. The greatest observed diel temperature range was 5.1 °C for Blelham Tarn and 2.3 °C for Windermere South Basin, with the maximum diel temperature range for the remaining lakes falling between these values (Fig. 5c) .
For 6 months of the year, there was a statistically significant correlation between the variation in diel temperature range and the variation in u 10 among all of the lakes (Fig. 6) , including the majority of the summer months. The strength of this monthly correlation can be summarised for the year to illustrate the difference between the stratified and nonstratified periods (Fig. 7a) . Unlike the statistical relationship observed between the variations in diel temperature range and u 10 , the relationship between variations in air temperature (Fig. 7b) , relative humidity (Fig. 7c) , and incoming short-wave radiation (Fig. 7d) with the variations in diel temperature range were nonsignificant for each month of the year. Similarly, the relationship between the diel temperature range and sensible, latent, and net long-wave heat fluxes illustrating that the difference in Q zmix or Q tot among the lakes did not significantly influence the difference in diel temperature range among the lakes. The suggestion for these lakes is, therefore, that the between-lake differences in z mix are determined by the different magnitudes of wind speed over the lakes, with deeper mixed layers occurring where wind speeds are greater.
The difference in lake surface area was significantly correlated with the difference in z mix among the lakes during the summer months (Fig. 12a) , whereas K d was only significantly correlated with z mix from May through August (Fig. 12b) . Lake surface area was also strongly correlated with u 10 for most of the year (Fig. 13a) . Because K d depends on concentrations of phytoplankton, seston, suspended sediments, and chromophoric dissolved organic matter, a correlation is not expected with wind speed in moderately deep lakes such as these (Fig. 13b) . By averaging the diel temperature cycle for the entire stratified period, a near-linear relationship (r 2 = 0.91, P = 0.03) between z mix and the diel range was evident (Fig. 14) .
Discussion
This investigation demonstrates that, for 5 lakes in the English Lake District, the diel range in epilimnetic temperature is significantly influenced by the depth of the upper mixed layer. The thickness of the upper mixed layer indicates the amount of water and heat that directly interacts with the atmosphere. Thus, for lakes with shallower mixed layers, atmospheric heating is concentrated over a smaller volume of water, resulting in a larger temperature range than that experienced by lakes with deeper mixed layers. The thermal responses of a lake to atmospheric forcing will vary depending on a number of (Fig. 8a-8c) , as well as the sum of the typical cooling terms, sensible, latent, and outgoing long-wave radiation (Fig. 8d) , were all usually nonsignificant. Similarly, there was little correlation between the variations in diel temperature range and either Q zmix (Fig. 8e) or Q tot (Fig. 8f) .
For 8 months of the year, there was a statistically significant correlation between the variations in diel temperature range and z mix among all of the lakes (Fig. 9a) , including all months from May through October. Similarly, there was a strong correlation between the differences in lake surface area and the diel temperature range in the summer (Fig. 9b) , while there was some evidence of correlation between diel range and K d for a few months of the year (Fig. 9c) .
As expected, due to the strong correlation between the differences in u 10 and the diel temperature range and between z mix and the diel range, there was also a significant correlation between u 10 and z mix during summer but not in winter, when z mix is equivalent to maximum lake depth (Fig. 10a) . The remaining 3 meteorological variables considered here, air temperature (Fig. 10b) , relative humidity (Fig. 10c) , and incoming short-wave radiation (Fig. 10d) , did not demonstrate a statistically significant relationship with z mix . Similarly, the correlations between z mix and the individual heat flux terms (Fig. 11a-c) were nonsignificant for most months. Furthermore, the differences in the sum of the cooling heat fluxes among the lakes demonstrated a nonsignificant relationship with the difference in z mix for most months (Fig. 11d) , thus identifying that the difference in heating and cooling among the lakes did not significantly contribute to the differences in z mix among the lakes. The correlations between the differences in Q zmix and Q tot with z mix were also generally nonsignificant during the stratified period, again lake specific features, such as lake size and water clarity (e.g., Taylor 1994, Fee et al. 1996) . Thus, the thermal characteristics of lakes within the same geographic region may behave differently even though they are exposed to broadly the same climate.
The light penetration and consequent initial heating depends on K d , which is similar for all 5 lakes studied here. Thus, the downward penetration of short-wave radiation was similar, and the differences in thermal structure between the lakes resulted from the extent that heat was mixed downward by wind and or cooling. For example, heat was mixed deeper in Windermere South Basin than in Blelham Tarn (Fig. 1b, 1e ). In the 5 lakes investigated here, the main driver of mixing depth was wind speed. Wind blowing over a lake generates a layer of shear near the surface and energizes the internal wave field within the more stratified waters below. The shear in the upper layers directly causes mixing near the surface, and in the more strongly stratified regions, the internal wave motions cause shear and turbulence as a function of the degree of thermocline tilting (Imberger and Patterson 1990) . The internal wave induced shear at the base of the mixed layer contributes to deepening of the mixed layer. Depending on wind, stratification, morphometry, and resulting turbulence, the heat is either trapped in shallow mixed layers or mixed downward (MacIntyre et al. 2009 ). For lakes with the same density difference across the thermocline and for the same wind speed, a larger fetch will induce greater thermocline tilting and greater shearinduced mixing (Imberger and Patterson 1990) . This effect can be accentuated in larger lakes by the acceleration of wind over water. Surface area and fetch thus affect the transfer of momentum and energy at a lake surface into deeper water and the resulting mixed layer depth (Gorham and Boyce 1989) . A number of early investigations have showed that mixed layer depth is related to lake surface area or fetch (Fee et al. 1996 , table 11-2 in Kalff 2002 . For the lakes studied here, the relationship between wind speed and lake area is complicated by the surrounding topography. Higher than expected wind speeds, for example, were measured in Loweswater because the lake is located at the end of a valley, which ultimately leads to increasing wind speed. This increase in wind speed, however, matched the variation in mixing depth. For the 5 lakes, z mix is highly related to u 10 during summer.
Wind mixing is not the only factor that may influence mixed layer depth. The depth of the upper mixed layer is largely regulated by the balance between heating, which enhances stratification, and turbulence, which destabilises the water column and deepens the surface mixed layer. Heating and cooling processes could affect the diel temperature cycle in 2 ways: by affecting the depth of the mixed layer and hence the volume of water being heated, and by the actual heating and cooling of the water. It has also been shown that the ratio of turbulent convection through cooling to that through wind mixing is dependent on lake size (Read et al. 2012) . Lake size could, therefore, influence the diel temperature cycle through changes in heating and cooling. In the lakes studied here, however, there was only weak evidence for the sizemediated differences in heating to be driving differences in diel cycles (Fig. 8) , presumably because there was no consistent relationship between net heating and surface area for these lakes. Nevertheless, this mechanism is worth further investigation in lakes exhibiting a wider and more persistent disparity in heating terms.
Most heating and cooling takes place at the surface of a lake, with the exception of solar heating, part of which takes place within the water column. One key variable influencing the absorption of solar radiation is therefore water clarity, and a number of investigators have examined its effect on the thermal structure of lakes (e.g., Hutchinson 1957 , Fee et al. 1996 , Read and Rose 2013 . Water clarity, included here in terms of the light attenuation coefficient, K d , is particularly interesting from a biological viewpoint because it can be influenced by the number and kinds of planktonic organisms and therefore allows biological feedback on the thermal structure of the water column (Mazumder et al. 1990 , Jones et al. 2005 . Most studies have concluded that an increase in light penetration, associated with an increase in water clarity, is associated with an increase in mixing depth (e.g., Taylor 1994, Fee et al. 1996) . For the lakes studied here, however, K d occupied a relatively small range and was consequently not significantly correlated with mixing depth throughout most of the year. For a wider range of lake sizes and water clarities than studied here, K d may well be expected to contribute more to the diel temperature range.
Here we illustrated that the diel range in epilimnetic temperature during summer is larger in lakes with smaller mixed layers. Temperature has a pervasive effect on lakes, and the significant variability in diel range noted here has implications for many processes that affect biogeochemical cycling in lakes. These processes include the solubility of gases, the rates and equilibrium positions of chemical reactions (Stumm and Morgan 2013) , and rates of metabolic processes (Brown et al. 2004 , Yvon-Durocher et al. 2012 ) and growth (Butterwick et al. 2005) . Our study was conducted in a relatively small geographic region in lakes with a minimum and maximum surface area of 0.1 and 6.7 km 2 , respectively. Differences in diel variability in epilimnetic temperature occurred within our lakes primarily due to the different wind speed across the different lakes causing differences in upper mixed layer depth. We anticipate that the influence of lake specific features such as lake size or water clarity will enable greater variability in epilimnetic temperature at diel timescales, with the range enhanced in smaller lakes. 
